A spontaneous lac+ revertant of an adenylate cyclase deletion strain of Escherichia coli K-12 was isolated and characterized. This revertant, designated strain KC20, exhibited a pleiotropic suppression of the adenylate cyclase defect, with the crp locus being the site of the suppressor mutation. Cyclic adenosine 3',5'-monophosphate at an exogenous concentration of 1 mM severely inhibited the growth of strain KC20 in minimal media. Lower concentrations of the cyclic nucleotide elicited less pronounced effects. Studies on araBAD and lacZYA expression showed that cyclic adenosine 3',5'-monophosphate elicited an initial dose-dependent hyperinduction of these systems. Hyperinduction of araBAD, in L-arabinose grown cultures of strain KC20, resulted in accumulation of inhibitory concentrations of methylglyoxal. Hyperinduction of lacZYA in lactose-grown cultures of strain KC20 did not result in any such methylglyoxal production.
The lactose operon of Escherichia coli is probably the most studied and best understood genetic system for regulation of gene expression. The operon governs the transport and subsequent hydrolysis of lactose to glucose and galactose and is comprised of three structural genes, lacZ, lacY, and lacA. Their respective gene products are ,B-galactosidase (EC 3.2.1.23), galactoside permease, and thiogalactoside transacetylase (EC 2.3.1.8) (34) . A repressor gene, lac-1, lies adjacent to the lacZYA-controlling region. The regulation of the lactose operon is a classic example of negative control in that presence of inducer inhibits repressor-operator interaction (19, 20) .
Initial catabolism of L-arabinose is governed by the ara regulon which is comprised of at least three coordinately regulated operons, araBAD, araE, and araF (2, 11, 25) . The araBAD operon controls conversion of L-arabinose to D-xylylose-5-phosphate via the sequential action of Larabinose isomerase (EC 5.3.1.4), L-ribulokinase (EC 2.7.1.16), and L-ribulose-5-phosphate-4-epimerase (EC 5.1.3.4). These enzymes are products of the arA, araB, and araD genes, respectively (15, 24) . The araE and araF loci are not linked to araBAD or to each other and are involved in L-arabinose transport (15, 16, 27) . A regulatory gene, araC, lies adjacent to the araBAD-controlling site region and contains the genetic in- formation for ara regulatory protein (12, 24) . This araC protein both positively and negatively regulates expression of the ara regulon, with the activator and repressor conformations of the protein being designated P2 and P1, respectively (11, 15, 24, 33) . Mutations in araC generally result in an Ara-phenotype.
In addition to operon-specific regulation, a general positive control system, involving cAMP-CAP complex, is required for normal induction of certain catabolic systems, incuding those concerned with maltose, ribose, xylose, Lrhamnose, lactose, and L-arabinose metabolism (4, 7, 24, 30, 32, 35) . Deleterious mutations in cya, the adenylate cyclase gene, or crp, the CAP gene, result in pleiotropic-negative phenotypes for utilization of these carbohydrates. Such phenotypes can be reversed for cya mutants by supplementation of cAMP to an exogenous 1 mM concentration (29) . Addition of cAMP will not affect the pleiotropic-negative phenotype of crp mutants (10, 28) . Other classes of crp mutants have been genetically characterized which phenotypically suppress cya genotypes for induction of some genetic systems whose expression is normally cAMP dependent (3, 8, 31) . A particularly interesting class of mutants, the CAP* mutants, is responsive to levels of cGMP (31) .
In this paper, we describe the initial characterization of an E. coli K-12 
water bath (model G76) at a shaking setting of 6.0. Growth was followed spectrophotometrically at 660 nm with a Bausch & Lomb Spectronic 20 colorimeter. In experiments designed to study the effects of cAMP on the differential rates of ,B-galactosidase and L-arabinose isomerase expression, the culture was split at an absorbance at 660 nm (A66o) of approximately 0.25 into four separate liter Erlenmeyer flasks. cAMP was added to three of the flasks to final exogenous concentrations of 1 mM, 0.1 mM, and 0.01 mM, respectively.
A6eo was followed for all four cultures. Samples for enzyme assays were removed at various intervals, rapidly chilled to 2°C in an ice water bath, and harvested immediately as previously described.
Extract preparation. Cell-free extracts for the purpose of measuring L-arabinose isomerase activity were prepared as previously described (22) . Cell-free extracts for the purpose of determining /3-galactosidase activity were prepared similarly, with the exception that 0.08 M sodium phosphate buffer (pH 7.7) served as the disruption medium.
Enzyme assays. L-Arabinose isomerase activity was determined by the method of Cribbs and Englesberg (6), using the cysteine-carbazole test for keto sugars to measure L-ribulose formation (9) . One unit of isomerase activity was defined as that amount of enzyme which catalyzed the formation of (26), with modification. The assays were performed in a total of 4.4 ml of reaction mixture consisting of 3.9 ml of 0.08 M sodium phosphate buffer (pH 7.7) and 0.5 ml of 2.5 mM o-nitrophenyl-/3-D-galactopyranoside. The reaction was initiated by the addition of 0.1 ml of cell-free extract to the reaction mixture and was allowed to proceed for 1
Spontaneous Lac' revertant of KC13 P1 kc KC20 x KC8 P1 kc AT2455 x CH45 ' Genetic nomenclature is as described by Bachmann et al. (2) . Acya-2 was formerly designated Acya-283 and appears to be an extensive deletion of the adenylate cyclase gene (4) . DES, diethyl sulfonate. MG determination. For methylglyoxal (MG) determination, cultures of strain KC20 were grown in Larabinose or lactose minimal medium and challenged with various concentrations of cAMP as described herein. Two hours after cAMP challenge, 5 ml of culture was centrifuged at 10,000 x g for 10 min at 20C, and the cell-free supernatant was collected. An appropriate volume of supernatant was added in a total of 3 ml to glyoxalase 1 buffer (13). The 2,4-dinitrophenylhydrazine derivatives were then prepared and determined as previously described (5 Table 1 , footnote a), the crp locus seemed to be the most likely site for the pleiotropic suppressor mutation in strain KC20.
The crp locus, in E. coli K-12, is located between the rpsL and cysG loci (2) . The rpsL+ allele is approximately 41.2% cotransducible with the suppressor locus (Table 3) . Since the crp locus is approximately 40% cotransducible with rpsL (12, 15), the suppressor lesion appears to be located within, or very close to, the crp gene and will therefore be designated crpSl. This is supported further by the close linkage of the suppressor locus to the cysG44 allele.
The fact the Cya-phenotype can be introduced from strain KC20 (ilv+ Acya-2 crpSl) to strain KC7 [A(ilvDAC)115 cya+ crp+] by cotransduction with ilvu demonstrates that the Acya-2 lesion in KC20 remains intact and that there is no contribution by this locus to the cAMP-independent expression of the lactose and L-arabinose systems or to cAMP hypersensitivity.
Growth kinetics of KC20 in L-arabinose and lactose minimal media. Strain KC20 has a mean culture generation time of 100 min in Larabinose minimal medium (Fig. 2) 35 U/mg of protein (Fig. 4) . tion of the cyclic nucleotide. Growth had already been significantly inhibited during this period of hyperinduction. After such time, a marked disappearance of total isomerase activity was observed. Addition of cAMP to an exogenous 0.1 mM concentration elicited approximately a 4.5-fold increase in the rate of isomerase synthesis. This new rate was maintained for 75 min, after which total isomerase activity remained constant. The inhibition of isomerase expression occurred concomitantly with growth inhibition (Fig. 2) . In this case, no major decay of total isomerase activity was observed. When cAMP was supplemented to an extracellular 0.01 mM concentration, 1.5-fold stimulation in the differential rate of isomerase synthesis resulted which was maintained without inhibition.
The rate of lacZYA expression was measured by following the differential rate of /8-galactosidase synthesis (Fig. 5) . This enzyme was synthesized by strain KC20 (Acya-2 crpSl) at a differential rate of approximately 4 U/mg of protein.
Addition of cAMP to an exogenous 1 mM concentration resulted in a 5.5-fold increase in /8-galactosidase expression that remained uncom- promised, even though severe growth inhibition was occurring simultaneously. When the cyclic nucleotide was supplemented to final concentrations of 0.1 and 0.01 mM, respective 3.5-and 2.4-fold stimulations in the differential rate of f,-galactosidase synthesis occurred. A lag period of approximately 30 min was observed before the 2.4-fold increase in enzyme expression was manifested. Again, in both cases, the accelerated rates of B-galactosidase synthesis were maintained without compromise. Catabolite repression studies were performed in a manner analogous to that described in footnote b. Glucose was supplemented to a final 0.5% concentration. Differential rates were calculated after onset of permanent catabolite repression and, therefore, represent maximal rates.
d Very low.
Acya in regard to araBAD and lacZYA expression.
Accumulation of MG. Deregulated dissimilation of certain carbon sources has been shown to result in accumulation of MG (1, 13, 23) . This substance, at concentrations of 0.5 mM or higher, proves toxic to living cells (1, 13, 23 An interesting aspect of the enzyme kinetics is the inhibition of isomerase expression observed in cultures of strain KC20 grown in Larabinose minimal medium supplemented with cAMP to exogenous 1 and 0.1 mM concentrations (Fig. 4) 
